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of revascularization.
METHODS Between April 1997 and September 2006, thus in the pre-
FAME area, 299 coronary stenoses (228 patients) were evaluated by
coronary pressure and ﬂow velocity measurements. We obtained FFR
and Pd/Pa, where FFR 0.80 and Pd/Pa 0.92 were considered
abnormal. Long-term follow-up was performed to document the
occurrence of major cardiac events (MACE) in patients who were de-
ferred from revascularization at the operator’s discretion. Event rates
over time were estimated by the Kaplan-Meier method and differ-
ences were tested by the log rank test.
RESULTS The deferred group reﬂects a population routinely referred
for physiological testing in clinical practice. Follow-up was obtained
in 154 patients (68%) (183 stenoses) and median follow-up was 11.9
years (Q1, Q3: 10.0, 13.4 years). In patients with multiple stenoses, one
was chosen at random for MACE analyses. Median Pd/Pa and FFR was,
respectively, 0.94 (Q1, Q3: 0.91, 0.97) and 0.82 (Q1, Q3: 0.76, 0.88). Pd/
Pa was abnormal in 51 (33%) and FFR in 67 (44%) lesions. No differ-
ence in 10-year MACE was observed between normal and abnormal
FFR values (log rank p¼0.158), while vessels with an abnormal Pd/Pa
were associated with increased MACE rates (log rank p<0.01). Lesions
with Pd/Pa 0.92 showed higher cumulative MACE rates compared to
lesions with FFR 0.80 (52.9% vs. 44.8%, log rank p¼0.302), while
MACE rates for non-signiﬁcant lesions were equal (31.1 vs. 33.3, log
rank p¼0.669).
CONCLUSIONS Despite the focus on hyperemic indices over the past
two decades, this observational study in the pre-FAME era documents
that signiﬁcant stenoses deﬁned by Pd/Pa exerts a higher risk for
adverse events than signiﬁcant stenoses deﬁned by FFR, while no
differences are present for stenosis without a signiﬁcant resting or
hyperemic gradient.
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BACKGROUND Although fractional ﬂow reserve (FFR) is helpful to
evaluate functional lesion severity in the catheterization laboratory,
the need of adenosine triphosphate (ATP) administration limits the
widespread adoption of FFR. It was previously reported that resting
Pd/Pa ratio without hyperemic condition was linearly related to FFR.
We hypothesized that contrast medium induced FFR (cFFR) with
submaximal hyperemic condition could assess functional lesion
severity of coronary artery stenos. This study aimed to evaluate the
diagnostic ability of cFFR in comparison to FFR in entire range of
stenosis severity.
METHODS A total of 96 patients with 123 lesions were prospectively
enrolled in this study. At ﬁrst, we measured resting Pd/Pa ratio before
inducing hyperemia. Then, cFFR was obtained after intracoronary
injection of 6 ml of contrast medium, while FFR was measured after
intravenous administration of ATP (180 mcg/kg/min). Lesions with
FFR 0.80 were considered functional signiﬁcance of coronary artery
stenosis.RESULTS In 123 lesions, reference diameter, diameter stenosis,
resting Pd/Pa ratio, cFFR, and FFR were 2.70.8 mm, 4712%,
0.910.10, 0.830.12, and 0.810.12, respectively. Functional signif-
icance was observed in 41% of all lesions. Both of resting Pd/Pa ratio
and cFFR showed strong correlations with FFR (r¼0.861, p<0.001, and
r¼0.930, p<0.001, respectively). The correlation coefﬁcient of cFFR
was signiﬁcantly superior to that of resting Pd/Pa ratio (p<0.05). This
strong correlation between cFFR and FFR was shown in every coro-
nary artery (left anterior descending; r¼0.924, p<0.001, left circum-
ﬂex; r¼0.923, p<0.001, and right coronary; r¼0.926, p<0.001,
respectively). The Bland-Altman plot demonstrated a good agreement
with a mean difference of -0.02 and a standard deviation of 0.05 be-
tween cFFR and FFR across entire range of coronary artery stenosis.
ROC curve analysis showed an excellent accuracy of cFFR 0.83 in
predicting functional signiﬁcance (AUC 0.96, sensitivity 90%, speci-
ﬁcity 89%, and diagnostic accuracy 89%). Moreover, the cFFR 0.90
was not corresponded to functional signiﬁcance of entire coronary
artery stenosis.
CONCLUSIONS The cFFR more correlates with FFR than resting Pd/Pa
ratio. The cFFR is an accurate, rapid and easy method in predicting
functional lesion severity of entire coronary artery stenosis. This
physiology-based approach may be a possible alternative method for
FFR measurements in daily practice.
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BACKGROUND The instantaneous wave-free ratio (iFR), a resting
state pressure-derived index, has recently been proposed for func-
tional assessment of coronary artery stenosis. The optimal iFR cut-off
value for determining hemodynamically signiﬁcant lesions is 0.89.
We evaluated a new computational approach to determine lesion-
speciﬁc iFR from reduced-order computational modeling of blood
ﬂow and image-based anatomical reconstructions of the coronary
vessels from routine coronary angiography.
METHODS Invasive aortic (proximal) and coronary (distal) pressures
were measured at rest using a pressure wire in 53 lesions (26 in-
dividuals). These were processed ofﬂine to identify the diastolic
wave-free period and to determine iFR as ratio of average distal
pressure to the average aortic pressure during the diastolic wave-free
period. Routine Coronary Angiograms from two views were acquired
for each lesion under resting conditions. These were processed to
reconstruct a three-dimensional anatomical model of the coronary
geometry. A reduced-order model of the coronary circulation,
(research prototype, not for commercial use), was used to compute
time-varying ﬂow rate and pressure in the reconstructed anatomical
model. The resting total coronary blood ﬂow was estimated from the
anatomical model using allometric scaling laws, following the rela-
tionship between form and function. Blood was modeled as an
incompressible Newtonian ﬂuid and, to account for coronary autor-
egulation, the boundary conditions were personalized using a fully
automatic parameter estimation framework. Finally, model-based iFR
was determined from the computed proximal and distal pressures.
RESULTS From the 53 lesions (left anterior descending artery: 23, left
circumﬂex artery: 15, right coronary artery: 15), 17 were hemody-
namically signiﬁcant (invasive iFR  0.89). The diagnostic accuracy of
model-based iFR was of 84.9% (sensitivity: 76.5%, speciﬁcity: 88.9%,
positive predictive value: 76.5%, negative predictive value: 88.9%).
Correlation between invasive iFR (0.87  0.23) and model based iFR
(0.87  0.24) was r ¼ 0.65. The mean difference, average absolute
error and the standard deviation were –0.015, 0.079 and 0.092. The
average computation time required for determining model–based iFR
for one lesion was 35.2  8.4 seconds on a workstation equipped with
3.4 GHz Intel i7 8-core CPU.
Accuracy 84.9% (73.0%–92.1%)
Sensitivity 76.5% (52.7–90.4%)
Speciﬁcity 88.9% (74.7–95.6)
Execution Time 35.2  8.4 sec.
B18 J O U R N A L O F T H E A M E R I C A N C O L L E G E O F C A R D I O L O G Y , V O L . 6 6 , N O . 1 5 , S U P P L B , 2 0 1 5CONCLUSIONS Model-based computation of iFR from coronary
angiography has a high diagnostic accuracy and correlates closely
with invasively determined iFR. Future research activities will focus
on model reﬁnement and further validation of the method.
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BACKGROUND Patients with aortic valve stenosis (AS) have a
reduced coronary ﬂow reserve (CFR) despite angiographically normal
coronary arteries. Previous researches have employed non-invasive
techniques to determine the CFR. The aim of the study is to invasive
assess the CFR and identify which variables are related to it. Sec-
ondary objective: Investigate the tolerability of adenosine infusion in
AS patients.
METHODS 35 patients with severe AS, who were referred for cardiac
catheterization were enrolled in this prospective study. Patients with
severe aortic regurgitation or mitral valve disease were excluded.
Patients with fractional ﬂow reserve (FFR) in left anterior descending
(LAD) < 0.75 or severe angiographic stenosis were excluded. A pres-
sure sensor/thermistor-tipped guidewire was used and CFR was
calculated from the ratio of the mean transit times in hyperemia and
at rest. CFR and other physiological measurements were performed in
the LAD. Maximal hyperemia was induced by adenosine perfusion
(140mcg/kg/min).
RESULTS CFR was measured in 33 patients (two patients were
excluded for FFR<0.75 and for a technical problem). 57% of the pa-
tients were males with a mean age of 71+/-8 years. All procedures
were performed by radial approach. CFR showed a median value of
1.39+/-0.57 and was concordant with a coronary microvascular
dysfunction and statistically associated with IMR (r¼ -04 p 0.03). A
signiﬁcant association between CFR and BNP levels were found
(r¼ -0.38, p 0,02). A nonsigniﬁcant correlation with left ventricle in-
dex mass and CFR was found ( r¼ 0.38, p 0,08). No signiﬁcant rela-
tionship between CFR and other clinical, biochemical, physiological
or echocardiogram parameters were found. Patients with CFR> 2 had
lower indexed ventricular mass (113  27 vs 146  34 g / m2, p ¼ 0.08),
increased aortic valve area (AVA) (0.72  0.18 vs 0.63  0.05, p ¼
0.04) and lower NT-proBNP (541  543 vs. 2075  3746, p ¼ 0.05).
Regarding adenosine infusion: Heat sensation of the face, chest
discomfort and dyspnea were the most frequent complaints of the
subjects during the infusion. 82% of the subject experienced at least
one of these symptoms, although these symptoms were transient and
disappeared immediately after termination of the infusion. There
were no severe side effects and all the patients completed the
protocol.Characteristics Percentage / ValueDiabetes 24%Hypertension 55%Smoker 18%Heart rate (Basal) 77 +/-19 bpmMean transit time (Hyperemia) 0.42+/- 0.19 sec.Mean transit time (Basal) 0.53+/-22 sec.FFR 0.88 +/- 0.06IMR 32+/-16Index AVA 0.45 +/-0.11 cm2/m2CONCLUSIONS Invasive CFR measurement conﬁrm, that patients
with AS and normal coronary arteries have a coronary microvascular
dysfunction. CFR showed a median value of 1,39+/-0,57 and was sta-
tistically associated with IMR, BNP levels and AVA. Adenosine
perfusion is a safe and relatively well-tolerated in AS patient.
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BACKGROUND Ameasure of right atrial pressure (RAP)was included in
the original FFR calculation [FFRmyo¼ Pd – RAP / Pa - RAP], but is now
omitted from FFR in contemporary clinical use [FFRmyo¼ Pd / Pa]. We
investigated the effect omission of RAP from the calculation of FFR has
on revascularization decisions made in everyday clinical practice.
METHODS 304 coronary stenoses underwent coronary angiography
with FFR measurement. FFR was calculated using both the simpliﬁed
equation of distal coronary pressure/proximal aortic pressure (Pd/Pa),
and also accounting for right atrial pressure (Pd–RAP/Pa-RAP) across a
range of right atrial pressure values between 0-15 mmHg. The impli-
cations on revascularization decision making were assessed.
RESULTS Mean FFR (Pd/Pa) of the cohort was 0.83 (0.09). The in-
clusion of RAP signiﬁcantly decreased the FFR value. Mean FFR of the
cohort decreased to 0.82 (0.10), 0.81 (0.11) and0.79 (0.11) at RAPs of
5mmHg, 10mmHg and 15mmHg respectively. The decrease reached
statistical signiﬁcance at RAP 7 mmHg (p<0.04), within the published
normal RAP range (<8mmHg). Decrease in FFR increased the propor-
tion of stenoses meeting revascularization criteria (FFR0.80). Due to
the clustering of data around FFR 0.80, small changes in FFR value led
to big changes in classiﬁcation. The additional stenoses fulﬁlling
reclassiﬁcation criteria were 4% (11/304), 9% (27/304) and 17% (51/304)
at RAPs of 5mmHg, 10mmHg and 15mmHg respectively. These repre-
sented potentially missed cases for appropriate revascularization. In
this cohort, FFR 0.83 was the highest non-signiﬁcant FFR that reclas-
siﬁcation still occurred at normal RAP (<8mmHg). In patients with
elevatedRAP (15mmHg), this Figurewas FFR0.85. These FFRvalues are
well above the FFR0.80 cut off for revascularization. Lastly, when
RAP was included, systolic aortic blood pressure (Pa) became an
important determinant of the FFR value. RAP always lowered the FFR
of a stenosis more in patients with low systolic blood pressure.
Therefore, the inclusion of RAP is non-linear, and its effects on FFR
calculation are critically dependent on the systolic aortic pressure.
